Abstract. Based on force-current analogy and velocity-voltage analogy in the theory of electromechanical analogy, the inerter is a device that corresponded to the capacitor completely where conquers the nature restriction of mass, what's more, it is significant to improve the ratio of the inerter's inertance to its mass for mechanical networks synthesis. And according to the principle of active-control-based mechatronic inerter, we present two implementation schemes. One was based on linear motor, and the other was based on the ball screw and rotary motor. We introduced the implementation methods and established theoretical model of the two schemes, then compared the ratio of the inerter's inertance to its mass for the two schemes. Finally, we consider the scheme is better which was based on the ball screw and rotary motor.
Introduction
In 2002, the concept of inerter was proposed by Malcolm C. Smith [1] . The inerter is a mechanical device which has two free and independent terminals [2] , and the quantitative relation between the force acting on the two terminals and the relative acceleration between the two terminals are as shown in the formula (1).
in which F is the applied force, while ν 1 and ν 2 are the velocities of the two terminals. The constant of proportionality b is called the inertance and has units of kilograms [3] . Thus, Inerter is essentially a two terminals mass element. The concept of inerter was put forward, which solved the problem that the mass only as single terminal mass components relative to the inertial system, and the mechanical network and circuit network can be strictly corresponding to the force-current analogy [4] . It has important theory and application value for applying circuit theory to mechanical network synthesis. The traditional inerter needs to be realized by the mechanical mechanism while enhanced the inertance needs to be increased by the transmission ratio and the mass of the flywheel [5] . However, it will inevitably lead to the increase of the mass of the inerter, and limits the application of the inerter in mass sensitive areas such as aerospace [6] . For this purpose, we put forward the concept of mechatronic inerter, and explore the feasibility of using electromagnetic force to enhance the inertance [7] .
The active-control-based mechatronic inerter hereinafter referred to as ACBMI are composed of sensors, controllers and actuators. Its working principle is: F was applied to the two terminals of the actuator to make relative motion, while measured by the sensor and sent to the controller; according to set parameters and F, the controller control actuator always hinder the movement of F that the relative acceleration between the two terminals is reduced, and the inertance is enhanced [ 8] . The schematic diagram is shown in figure 1.
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Force According to different actuator implementation schemes, the ACBMIs are divided into two kinds [9] . One is the use of linear motor as the actuator (hereinafter referred to as the linear motor based ACBMI), F was applied to the primary and secondary of the linear motor, and linear motor directly generate electromagnetic force to prevent the linear motion caused by applied force; another is the use of ball screw and rotary motor as the actuator (hereinafter referred to as the rotary motor based ACBMI), the ball screw to achieve the conversion between linear motion and rotary motion, and the electromagnetic torque generated by the rotary motor hinders the movement of F.
We built the theoretical model of two kinds of the ACBMIs, and compared the relationship between the inertance and the inerter own mass [10] . The ratio between inertance and mass of inerter is defined as RMI (the ratio of mass to intance). The greater RMI of inerter, then the greater inertance can be achieved for the same mass of inerter [11] . Therefore, we can choose a better implementation scheme by comparing RMI.
Theoretical model of two kinds of ACBMIs
Assuming the mass of two kinds of inerters are both M, and building the theoretical model.
Theoretical model of linear motor based ACBMI
The mass of linear motor based ACBMI equal to the mass of linear motor, so the mass of linear motor is M. Among them, the mass of primary is m 1 , the mass of secondary was M 1 , and meet
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Figure 2. The force diagram of linear motor based ACBMI
As shown in Figure 2 , F applied to the two terminals of linear motor based ACBMI, and the continuous thrust of linear motor output is F L . Without consideration of friction, the relative acceleration of the two terminals is
The inertance b L and the RMI g L of the linear motor based ACBMI are respectively 
Theoretical model of rotary motor based ACBMI
For the screw and the rotor has the following relationship 
The inertance b R and the RMI g R of the rotary motor based ACBMI are respectively
Comparison
g Lmax <g Rmax
For the two kinds of inerters, when the actuator output maximum continuous thrust F Lmax and maximum continuous torque T Rmax , we can obtain the maximum RMI
In order to compare g Lmax and g Rmax , then let 
So g Lmax <g Rmax , when
In order to facilitate the comparison, let
In order to explore whether there is the existence of p to meet the above relationship, we conducted a market research. As shown in Table 1 , with comparison for the mass of 5 kilograms of linear motor, we found that n 1 achieve the maximum value of 61.66 while selected the Kollmorgen ICD10 series linear motor. And as shown in Table 2 And through the research of the ball screw, we found that the mass of ball screw is generally below 0.6 kg and the lead of the screw are rang from 2mm to 30mm with the appropriate trip and axial load. When selecting the AKM41 rotary motor(the smallest rotary motor in AKM4 series rotary motor), n 3 gets the minimum value of 0.803. Now we plug n 1 , n 2 , n 3 , n 4 into formula (35), and get p<0.0529, then lead is less than 52.9mm. The RMI of the rotary motor inerter can be obtained more than the linear motor inerter by properly configuring the rotating motor and ball screw while the existing ball screw can meet this condition obviously.
Specific examples
We used inerter design by using the axis rotation of ball screw motor as the actuator, the following parameters 
Conclusions
We built the theoretical model of two kinds of inerters with different actuators, and analyzed the condition when the inertia of the rotary motor based ACBMI outweighed that of the linear motor based ACBMI. Through marker research, we found that the condition was easy to satisfy. According to specific examples, the RMI of the rotary motor inerter was much higher than that of the linear motor inerter. Therefore, the RMI of the inerters can be enhanced by applying ball screw and rotary motor as actuator.
